The GAL80 gene in Saccharomyces cerevisiae encodes a negative regulatory protein for the set of inducible genes involving metabolism of galactose and melibiose. We have determined the nucleotide sequence of GAL80 and its flanking regions and assigned the 5 1 end of its mRNA to the sequence. The deduced coding sequence for GAL80 protein contains 1305 nucleotides and the calculated molecular weight of the peptide chain is 48309. The 5' end of the GAL80 mRNA maps about 67 nucleotides upstream from the translation initiating ATG. We have also determined the nucleotide sequence of uninducible alleles GAL80 s~°, GALSOJ 3
INTRODUCTION
In Saccharomyces cerevisiae, expression of the genes of GAL1, GAL7, GAL10 and MEL1 respectively encoding galactokinase, galactose 1-phosphate uridylyl transferase, UDP-glucose 4-epimerase and a-galactosidase is co-ordinately regulated at the transcriptional level by the functional interplay of two regulatory proteins encoded by the genes GAM and GAL80 (1-10). The current model (11) assumes that the GAL4 protein is a positive regulator for the transcription of the structural genes whose function is hampered in the absence of inducer by the GAL80 protein, a negative regulator. Induction would involve inactivation of GAL80 protein, and GAL4 protein thus liberated from the GAL80 action would in turn promote the transcription of the target genes.
A question remains to be answered: Whether does GAL80 protein inactivate GAL4 protein by the direct interaction or does it bind the target genes to interfere with the GAL4 function (see ref. 10, 12, 13) ?
Several groups cloned the GAL4 gene (12, 14, 15) , and Laughon and Gesteland (16) (12, 13) . In the present paper, we describe the complete sequence of the GAL80 gene together with the coding sequence of the mutant alleles. In the light of these results, we postulate probable existence of at least two functional domains in GAL60 protein.
MATERIALS AND METHODS

Plasmid and phage vectors
Plasmid pKK8005 contained the GAL80 gene in a 5.1 kilobase (kb) Sau3A fragment of yeast DNA inserted at BamHI site in YEp24 (13). Plasmid pTF8005
(17) used as a source of DNA in the sequence determination was constructed by cutting pKK8005 DNA with BamHI and Sail, and ligating the resultant 5.4 kb of fragment in between BamHI and Sail sites of pBR322. The phage vectors used for sequencing were M13mplO and Ml3mpll (18 YT-broth contained 0.8% Bacto-trypton, 0.5% Yeast Extract and 0.5% NaCl.
Other media were described previously (12) .
DNA sequence determination
Sequencing was carried out by the combination of three strategies. 1. Maxam and Gilbert (22) . The gel electrophoresis was performed as described previously (23) except that longer sequencing gels (80 cm in length) were used in some of the experiments.
SI nuclease mapping of the GAL80 mRNA
The 5 1 terminus of the GAL80 mRNA was determined by SI nuclease method described by Weaver and Weissmann (24) . PolyA + RNA was prepared from S.
cerevisiae KK4[pKK8005) grown on YPGal medium as described previously (17).
The hybridization probe was 1.4 kb Hindlll/Bglll fragment 5 1 end-labeled at the Bglll site. Conditions for DNA/RNA hybridization and SI nuclease digestion were also described (17).
RESULTS
DNA sequence determination of the wild-type GAL80 gene Shimada et^ aK (17) conducted the Northern blot analysis and also the SI nuclease mapping to disclose the location and direction of the GAL80 mRNA on the cloned fragment. The results demonstrated that the transcription starts at about 85 bp upstream from the left Bglll site, proceeds rightward and terminates at about 400 bp downstream from the Smal site (Fig. 1 ). There is no indication that the GAL80 mRNA is spliced.
Thus we determined the DNA sequence of 2457 bp containing the 1.55 kb GAL80 mRNA transcribed region in the 3.1 kb Hindi!I/HindiII fragment. The strategy of sequencing and restriction sites used here are shown in Fig. 1 .
About 97* of the sequence was determined in both strands and the junction points were sequenced by the overlapping fragments. We found a long open reading frame of 1305 bp along the rightward direction within the transcribed region ( Fig. 2) . We assumed that this reading frame corresponds to the coding at -3 and at +4 and the surrounding sequence is ...CC(Pu)CCATGG (25). The ATG at +1 -+3 in GAL80 was also flanked with G at -3 and at +4. 3. Recently, Shimada e_t a_l. (17) have found that the GAL80 transcription is regulated by the control machinery involving GAL4 and also GAI/80 itself. When we constructed a ga!80-lacZ fused gene by ligating the 5' part of GAL80 cut at the Bqlll site (+612) to 3' coding region of ' lacZ from E_. coli (27), the resultant fused gene exhibited 8-galactosidase activity under the GAL4/GAL80 control in yeast. This could be accounted for only by assuming the longest reading frame mentioned above to represent the GAL80 coding region.
Deduced ami no acid sequence of the GAI^O protein A deduced amino acid sequence of the GAL80 protein is presented in Fig. 2. It consisted of 435 residues and the calculated molecular weight was 48309 including the NH 2 -methionine. This protein would be neutral in the physiological condition since the sum of arg + lys (39 residues) was approximately equal to the sum of asp + glu (38 residues). There was however, an imbalance of charged residues in the amino-terminal portion (residues 1-70) of the GAL80
protein; the sum of arg + lys was 8 whereas the sum of asp + glu 2, indicating the net charge was +6 in this region. It was also noted that there was a heavy clustering of lys from the residue 279 to 304; 7 out of 26 residues were lys.
Mapping the 5 1 end of GAL80 mRNA
In the present work we extended the previous Sl-nuclease mapping of 5'
end (17) Table I . It should be pointed out here that the observed mutational change would always lead to an increase in the positive charge of GAL80
protein (gly to arg in both GAL80 s~° and GAL80 3 " 1 , and glu to lys in GAL80 3~2 )
and that the mutational sites were localized within a narrow region of the gene (the amino acid positions of 301, 323 or 351 in the total number of 435 for GAL80 s~°, GAL80 s-1 and GAL8QS-2 respectively). We suggest therefore that a functional domain of the GAL80 protein resides arround that region.
The other part of the DNA sequence in the respective mutant allele was perfectly identical to the wild type sequence except for two nucleotides (C at +294 and +905) both in GAL80 3 " 1 and GAL80 s " 2 . These changes however would not result in the amino acid substitution because of the degeneracy of the genetic code (AGC to AGT for ser and GA£ to GAT_ for asp) , Note that the parental strain for GALSO 3 " 1 and GAL80 3 " 2 (6) is different from the strain from which the wild type gene was isolated (13).
The falnXing sequence of the GAL80 gene
Most of the protein-coding genes in higher eukaryotes contain TATA box precisely at 30 bp upstream from the transcription initiation site (30, 31) .
In contrast, the typical TATA box is rarely observed at that position in yeast genes (32, 33) . The 5' flanking region of GAL80 gene also seemed not to have a typical TATA box within 100 bp upstream from the transcription initiation site (Fig. 2) . Instead, TATATATA octamer (-87 --80) was observed about 20 bp upstream from the initiation site.
The sequence immediately downstream from the transcription initiation site contained 5'-TGCTGGTC-3' (-66 --59) which was complementary to the 3' end of yeast 18 S rRNA [3'-AUUACUAG-5• (34)] at 5 out of 8 nucleotides.
Zalkin and Yanofsky (35) suggested that the 5'-leader sequences of many yeast raRNAs show the complementarity to the 3 1 end of 18 S rRNA, which could enhance the 40 S ribosome binding to the message. A set of inverted repeats was observed (-65 --58 and -52 --46) within the 5'-leader sequence of GAL80 mRNA, one of which was overlapping to the 18 S rRNA complementary region.
The 5' upstream sequence of the GAL80 gene consisted of alternating AT-rich region and GC-rich region: The region from -72 to -148 and -174 to ...TTT (+1397 -+1399) was observed between the termination codon and the site where the 3' terminus of GAL80 mRNA resides (Fig. 2) .
Codon usage in the GAL80 gene
The codon usage frequency of the GAL80 gene is shown in 
DISCUSSION
Extensive studies on the structure and function of the regulatory proteins of E. coll or X phage have revealed that those proteins consist of at least two functional domains: The DNA-binding ability specified by the aminoterminal domain and the effector binding and/or oligomerization ability specified by the carboxy-terminal domain (38, 39) .
The mutational sites in the dominant uninducible GAL80 alleles studied in the present work were localized within a small region consisting of 50 amino acids in the carboxy-terminal part. This may imply that the carboxy-terminal part of GAL80 protein comprises a functional domain other than that of the amino-terminal part; for instance, the domain for inducer binding. In this context, it would be worthwile to recall that many lacl s mutations of E_, coli are mapped in the carboxy-terminal half of that gene and none in the aminotenninal part, suggesting that the carboxy-terminal but not the amino-terminal part would contribute to the inducer binding (40) .
The GAL80 protein consisted of 435 amino acid residues and its overall charge was roughly neutral. However, the amino-terminal part (residues 1-70) contained more positively charged amino acids than negatively charged amino acids. This charge distribution resembles to that of Xc_I^ protein (41) , which is an acidic protein but its amino-terminal part (residues 1-26) is highly basic. A similar situation is found in the lacI repressor which is neutral as a whole, but its amino-terminal part (residues 1-60) is basic (42) . It is tempting therefore to speculate that the amino-terminal part of GAL80 protein also bears the similar function to the prokaryotic regulatory proteins.
On the other hand, the three-dimensional analysis of the products of Xcro and Xc_I^ or the catabolite activator protein of E_. coli strongly suggests that the DNA-binding domains share the common structure of a-helix-turn-a helix (43) (44) (45) . Recently GAL4 protein was argued to contain the similar structure based on the nucleotide sequence of that gene, which was thus taken as an indication that GAL4 protein binds DNA (16). Such an a-helical unit could not be found in GAL80 protein from the present work, which would not support, nor rule out, the possibility of GAL80 to interact directly with its target genes.
Needless to say, much more experiments are required to elucidate the mode of action of this regulatory protein. We are currently attempting to specify the hypothetical domains by the localized mutagenesis of the isolated gene on one hand and to purify the protein from yeast by an immunological assay on the other hand.
